Relationship between ions and energy metabolism: cerebral calcium movements during ischaemia and subsequent recovery.
Intra- and extra-cellular concentrations of calcium were measured in hippocampal neurons of areas CA1 and CA3 during 8 min ischaemia and short-term (up to 60 min) recovery. During an ischaemic insult, [Ca2+]i increased progressively and [Ca2+]e decreased. There were large interneuronal differences, although, in general, rises in [Ca2+]i were much larger in area CA1 than in CA3. Restitution of blood flow was followed by movements of calcium in the directions opposite to those seen during ischaemia: [Ca2+] in the extracellular space gradually rose whereas that inside neurones fell. Within 30-60 min, calcium balance was restored to the original pre-ischaemic level. It is postulated that (i) large increases in [Ca2+]i in cerebral neurones during ischaemia are related to the high density of pathways on neurones that allow calcium entry; (ii) differences in the amount of calcium accumulated during periods of oxygen deprivation between neurones of the Ca1 and CA3 regions are linked to the level of glutamatergic input (and hence excitatory synapses) that the two areas receive; (iii) restitution of blood flow and consequent rapid restoration of ATP synthesis permit reactivation of calcium-eliminating mechanisms. These latter involve especially sequestration by the mitochondria and extrusion by the plasma membrane Ca pump, which restore the low cytoplasmic [Ca2+].